Using New Signal Processing Techniques in Analyzing Masjed Soleyman Embankment Dam\u27s Explosion Records by Davoodi, M. et al.
Missouri University of Science and Technology 
Scholars' Mine 
International Conference on Case Histories in 
Geotechnical Engineering 
(2008) - Sixth International Conference on Case 
Histories in Geotechnical Engineering 
16 Aug 2008, 8:45am - 12:30pm 
Using New Signal Processing Techniques in Analyzing Masjed 
Soleyman Embankment Dam's Explosion Records 
M. Davoodi 
International Institute of Earthquake Engineering and Seismology (IIEES), Tehran, Iran 
M. K. Jafari 
International Institute of Earthquake Engineering and Seismology (IIEES), Tehran, Iran 
M. Amel Sakhi 
International Institute of Earthquake Engineering and Seismology (IIEES), Tehran, Iran 
Follow this and additional works at: https://scholarsmine.mst.edu/icchge 
 Part of the Geotechnical Engineering Commons 
Recommended Citation 
Davoodi, M.; Jafari, M. K.; and Sakhi, M. Amel, "Using New Signal Processing Techniques in Analyzing 
Masjed Soleyman Embankment Dam's Explosion Records" (2008). International Conference on Case 
Histories in Geotechnical Engineering. 33. 
https://scholarsmine.mst.edu/icchge/6icchge/session03/33 
This Article - Conference proceedings is brought to you for free and open access by Scholars' Mine. It has been 
accepted for inclusion in International Conference on Case Histories in Geotechnical Engineering by an authorized 
administrator of Scholars' Mine. This work is protected by U. S. Copyright Law. Unauthorized use including 





USING NEW SIGNAL PROCESSING TECHNIQUES IN ANALYZING MASJED 
SOLEYMAN EMBANKMENT DAM'S EXPLOSION RECORDS 
 
Davoodi, M.    Jafari, M. K., Amel Sakhi, M. 
International Institute of Earthquake  International Institute of Earthquake  
Engineering and Seismology (IIEES),  Engineering and Seismology (IIEES),  




Blasting test studies have one drawback with regard to earthquake studies; they are concerned with vibrations of much smaller 
amplitude than those normally encountered in earthquakes. Consequently, blasting studies can be used to calibrate dam behavior in a 
linear elastic range. Accuracy of numerical models should be improved by full scale tests and in situ earthquake records. In this 
research, first of all a short review of different classical and modern signal processing methods is presented. As it is known, classical 
signal processing methods, such as FFT and PSD, have many limitations in non- stationary random vibration analysis. Blasting 
records are known to be one of the non – stationary signals in both intensity and frequency content. Blasting test records of Masjed 
Soleyman, the highest embankment dam in Iran, are processed in time – frequency domain by classical and TFD method. TFD method 
leads to better and more accurate system identification based on real available records in earth dam. Using this powerful and modern 
signal processing technique, frequency contents of blasting spectra are conducted and processing of the signal in both time and 
frequency domain can be performed. Also obtained results based on classical and TFD method are compared with each other and 





Identification of systems involves an inverse procedure to 
identify the parameters from the recorded response of real 
systems. The aim is to estimate the dynamic properties such as 
natural frequencies under different conditions like ambient 
vibration, explosion and several other types of excitations. 
System identification is the preceding step for design of active 
and passive control of systems and system health monitoring. 
Seismic behavior study of embankment dams can be 
performed by different methods: observations made from dam 
response during earthquakes, experiments on prototype dams 
to determine dynamic properties such as explosion and 
ambient tests, experiments on reduced scale models such as 
shaking tables or centrifuge testing and finally, analytical 
studies.  
 
The seismic waves observed in earthquake records manifest 
clearly non-stationary characteristics, as well as wide 
frequency content. Earthquake records are used to evaluate 
dynamic response of dams, but in the lack of available 
earthquake records, explosion tests can be used to determine 
dam’s dynamic response characteristics for validating 
numerical models. 
 
Explosion test studies have one drawback with regard to 
earthquake studies; they are concerned with vibrations of 
much smaller amplitude than those normally encountered in 
earthquakes. Consequently, explosion studies can be used to 
calibrate dam behavior in a linear elastic range. It is, however, 
a valuable contribution, at least in the initial phase of loading, 
to the real non-linear numerical modeling of dam behavior 
under earthquake loading. The next step in evaluating dynamic 
properties of a dam is processing the obtained signals. 
 
There are some examples that the researchers have used in-situ 
tests on dams to identify dynamic properties of dam systems. 
Kassa embankment dam in Japan with 90m height and 478m 
length was excited by different vibrations. This dam was 
investigated by classical signal processing techniques under 
forced, ambient and blasting tests and the obtained system 
identification results were compared with the results of 
earthquake records (Ohmachi et. al. 1979).  
 
Ghanaat et al. in 1999 excited the Longyangxia dam by 
blasting tests. Longyangxia dam is a 178-m high concrete 
gravity arch dam located in China. The main purpose of the 
experiment was to excite the dynamic response of a large 
dam-water-foundation system and to further study the 
dynamic behavior of arch dams, including the dam-water-
foundation interaction effects. In this research, the explosion 
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 recorded signals were analyzed by time-frequency distribution 
method.  
 
As an example of applying in-situ tests on embankment dams 
in Iran, for the first time, the Masjed Soleyman embankment 
dam can be mentioned. The responses to forced vibrations, 
ambient vibrations and large explosives were measured for 
Masjed Soleyman Dam, the highest embankment dam in Iran. 
The recorded signals were analyzed by classical signal 
processing methods such as power spectra density, cross 
power spectra density, coherency spectra and also phase 
spectra. Based on mentioned methods, dynamic characteristics 
of dam body were extracted. In the next step, dynamic 
characteristics of dam body were obtained based on numerical 
analysis and the results compared with in-situ test results 
(Jafari, 2006). 
 
To identify dynamic characteristics of systems from recorded 
signals, such as embankment dams, it is necessary to use 
signal processing methods. As can be fined in literature, many 
methods are developed to process a signal. 
 
In classical signal processing methods, the time representation 
is usually the first and the most natural description of a signal 
we consider. The frequency representation, obtained by the 
Fourier transform, is also a way to describe a signal, mainly 
because of the concept of frequency is shared by many 
domains (physics, biology …) in which periodic events occur 
( Auger, 1996). As the frequency content of blasting records 
strongly varies with time and the signals are non stationary, so 
the classical signal processing techniques have limits to show 
exact characteristics of dams. 
 
As has been argued (White, 1989), the assumption of 
stationary of a random process is, in general, inadequate for 
dealing with measuring the properties of physical systems. 
Thus methods based on this assumption are generally 
inappropriate for spectral analysis of signals derived from 
measurements on physical systems.  
 
To overcome these difficulties, the new Time Frequency 
Distribution (TFD) technique is defined. On the processing 
and representation of non - stationary dynamic signals such as 
explosion signals, great importance has been taken in the 
literature by the transforms in the joint time – frequency 
domain. Time-frequency analysis provides a powerful tool for 
the analysis of non-stationary signals (Barbara, 1998). In the 
next section more details about this modern signal processing 
method are presented. 
 
As can be seen from literature review, there is no research on 
time-frequency distribution method to process the recorded 
blasting signals on embankment dam. So in this paper the 
Masjed Soleyman embankment dam is studied under blasting 
records and modal frequencies of dam body are extracted 
based on time-frequency distribution method and the obtained 
results are compared with classical signal processing method 
results and the strength and benefit of time-frequency 
distribution in comparison with classical methods are 
discussed in detail.  
 
 
MODERN SIGNAL PROCESSING METHODS 
 
As it is mentioned before, because of non stationary condition 
of explosion records, the frequency content of these types of 
signals varies with time. It should be mentioned that the 
identification of resonant frequencies and mode shapes of the 
dam becomes difficult and cumbersome if power spectral 
density functions include closely spaced or overlapped peaks. 
For this reason, the classical signal processing techniques 
can’t present the appropriate dynamic behavior of the dam 
under explosion and earthquake signals. These classical signal 
processing methods are appropriate for stationary signals such 
as ambient recorded signals.  
 
Explosion signals are non stationary, so it is necessary to use 
modern signal processing methods that analyze the signal in 
both time and frequency domain. To overcome the limitations 
in classical methods in analyzing the non stationary signals, 
time–frequency distribution (TFD) analysis method is 
proposed.  
 
Different types of time-frequency distribution have been 
developed for the mentioned purpose. Many forms of time-
frequency analysis are presented. One of the first methods is 
the Short-Time Fourier Transform (STFT). This method is 
used to generate the spectrogram (SP) (Koeing, et. al. 1946; 
Allen, et. al., 1977). Studies of the well known linear TFD 
method called Short-Time Fourier Transform (STFT), have 
been published by Nawab and Quatieri, (Nawab, 1988), and 
(Allen 1977). Another method is Wigner-Ville distribution 
(WVD) (Claasen and Mecklenbrauker, 1980). Because of the 
available limitation in WVD method, Kernel method is 
developed. 
 
There are three main reasons to use and develop this method. 
First, it is easy to generate time-frequency distributions. The 
second reason is that the distributions can be extracted with 
certain properties by constraining the kernel. The third .reason 
is that when a new distribution is considered its properties can 
readily be ascertained by examining its kernel. There are some 
distributions based on kernel method such as Margenau-Hill, 
Kirkwood-Rihaczek, Sinc, Page, Choi-Williams and Zhao-
Atlas-Marks. Jeong and Williams in 1992 have developed an 
approach for constructing kernels that generate distributions 
which reduce the interference terms. Right now there are 
many TFD methods in processing the non stationary signals. 
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 There are a few cases in literature about using this new 
method in processing non stationary recorded signals on dam 
body. As an example in using TFD method to characterize the 
dynamic behavior of a dam, Longyangxia dam can be 
mentioned. Ghanaat et al. (Ghanaat 1999) exited the 
Longyangxia dam by blasting tests. Longyangxia dam is a 
178-m high concrete gravity arch dam located in China. The 
main purpose of the experiment was to excite the dynamic 
response of a large dam-water-foundation system and to 
further study the dynamic behavior of arch dams, including 
the dam-water-foundation interaction effects. In this research, 
the blasting records were analyzed by time-frequency 
distribution method by the simple spectrogram method.  
 
Based on the above mentioned methods, the time-frequency 
distribution technique is selected in this paper as the main 
method for identifying the dynamic characteristics of Masjed 
Soleyman embankment dam. In this procedure, the response 
of dam body, due to explosion tests, is used and the results of 
TFD and classical methods in analyzing the non stationary 
signals are compared with together.  
 
 
DESCRIPTION of MASJED SOLEYMAN DAM 
 
The seismic response of a structure is mainly determined by 
its dynamic characteristics. The blasting records used in this 
analysis where recorded on Masjed Soleyman dam in 
Khuzestan province to extract non-stationary information. The 
Masjed Soleyman dam is a rock-fill type with clay core and a 
maximum height of 177m located on the Karun River in 
southwest Iran, 25.5 km to Masjed-E-Soleyman town (Fig.1). 
Length of the crest is 480 meter and the dam body volume is 
nearly 13.4 million m3. The objective capacity of the power 
plant is to generate 2000 MW of hydroelectric energy. The 
width of the dam at foundation and the width of the crest are 
480 and 15 meter respectively. 
 
During October 16, 2000, a 175 Kg explosion has been 
performed in the stilling basin of the dam and the responses of 
9 points of the dam crest in upstream-downstream direction 
have been recorded simultaneously. During the test, the 
sampling frequency was selected as 200 samples per second. 
The sensor locations are presented in fig. 2. 
 
 
Fig.1. Masjed Soleyman embankment dam view  
 
ANALYSIS OF RECORDED DATA 
 
The natural frequencies and mode shapes of the dam body 
were evaluated based on a comprehensive complementary 
study of the results of explosion tests. A MATLAB subroutine 
(Mathworks 2000) was coded for the above mentioned 
objectives with the following steps: 1) in the preprocessing 
step, the file formats were converted to volt/sec and 
instrument corrections were applied. 2) The base line 
correction and band pass filtering in the 0.6-30Hz frequency 
range were applied. 3) The corrected signals were processed 
by two methods: the classical and TFD methods. 
 
In the first method, the classical signal processing technique is 
used based on the fact that the input signal in the explosion 
tests is not exactly known. In the other hand, a spectral peak at 
any response point either represents a resonance frequency 
associated with the mode of vibration of the dam system or 
corresponds to a peak in the excitation spectrum. Based on this 
fact, the spectral variations of “4 spectrums” were considered 
simultaneously to identify the modal frequencies and mode 
shapes of the dam body. Consequently, the power spectral 
density (PSD) function, cross power spectra (CPS) amplitude, 
cross correlation phase spectrum (CCPS) and also coherency 
spectra (CS) between two points of response measurement 
were calculated.  
 
To distinguish the spectral peaks representing the dam 
vibration modes from those corresponding to peaks in the 
input spectrum, the amplitude and phase of CPS is used. That 
is, all points of the dam body in a lightly damped mode of 
vibration are in phase or 180° out-of-phase with each other, 
depending on the shape of the normal mode. In addition, as 
power spectra from explosion vibration tests tend to be 
contaminated by noise and variance hindering the recognition 
of modal peaks, coherence spectra (CS) was used to support 
the identification process. The coherence value varies between 
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 zero and unity. In traditional modal testing, CS values close to 
unity are thought to demonstrate high quality measurements. 
However, such high values may not be associated with 
vibration responses of large embankment dams, so the 
coherence function is employed as a relative measure of the 
quality of the data. Totally, based on the “4 spectrum theory”, 
peaks in the coherence spectra coinciding with modal peaks in 
the PSD and CPS, and also with CCPS values near 0° or 180°, 
serve as further evidence of a mode of vibration. A typical 
spectral analysis result of recorded signals in points 5 and 8 
are presented in fig. 3. As can be seen from this figure, by 
comparing the PSD, CPS, CS and CCPS of two points on dam 
crest, the proposed dominant frequencies of 1.5, 2.2 and 2.6 








Fig.3. Example of processed Masjed Soleyman dam records in 
U-D direction during blasting tests. From top to bottom: 
filtered time histories in points 8 and 5, PSD amplitude of 
points 5 and 8, their CPS, CS and CCPS. 
 
To obtain results, all other plots for all 9 points are obtained 
by considering the point 5 as the reference point and the 
results are compared with each other. The above mentioned 
dominant frequencies can be obtained in all the plots, so it is 
possible to claim that these frequencies are belong to the mode 
shapes of the dam in upstream – downstream direction. Based 
on the obtained results, proposed modal frequencies in the up 
stream – downstream direction is presented in table 1. In this 
table, in 1.5 and 2.2 Hz frequencies, the mode shapes of dam 
body are recognized as first and second symmetry 
respectively, but it was impossible to recognize the mode 
shape of 2.6 Hz frequency. 
 
 
Table 1- Proposed modal frequencies in the up stream – down 
stream direction by classical signal processing method 
 
No Frequency ( Hz) Mode Type 
1 1.5 First- Symmetry 
2 2.2 Second- Symmetry 
3 2.6 unrecognized 
 
In the second method, the TFD signal processing technique is 
used based on the fact that the recorded responses of the dam 
body in explosion tests are non-stationary signals. The time-
frequency distribution ideally describes how the energy is 
distributed and allows estimating the fraction of the total 
energy of the signal at time "t" and at frequency "f". In the 
other words, two - dimensional TFD results show the time 
variation of frequency content of the signal.  
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 The peaks in the results may represent the dominant 
frequencies of dam or the frequencies of the internal 
excitation. So CS and phase of CPS between two points on 
dam body in time-frequency domain should be used to 
distinguish the dominant frequencies of the dam system. 
In this research, many TFD methods are used and the most 
appropriate method for analyzing the explosion signals is 
selected. Finally the Margenau-Hill method is used to process 
the non stationary explosion signals. Based on previous 
procedure mentioned in classical processing methods, all the 
recorded signals on crest dam are analyzed using PSD, CPS 
and phase of CPS in time-frequency domain, so the mode 
shapes and related modal frequencies of dam body are 
extracted.  
A typical TFD result is shown in fig.4. In this figure, the 
filtered signal in top of the plot, energy spectral density in left 
and a 2D plot of the signal in time-frequency domain are 
shown.  
 
Fig.4. Time frequency plot of the explosion signal recorded in 
point 4 
 
This figure also shows that some modal frequencies have been 
extracted from this two dimensional time–frequency plot. As 
can be seen from this 2D plot, the dominant frequency of 6.8-
7.1 Hz can be distinguished, that is impossible to extract it 
from classical signal processing results.  
 
A typical CSD result is shown in fig.5 and the phase time 
history of 1.46, 2.15 and 2.93 Hz frequencies are shown in 
fig.6. Using all PSD and CSD diagrams and also phase time 
history and using time-dependent animatedly mode shapes for 
every proposed dominant frequency; modal frequencies have 
been obtained.  
 
 
Fig.5. Cross time frequency plot of the explosion signal 
recorded in points 2 and 5 
 
 
Fig.6. From top to bottom: phase time history in f=1.46, 2.15 
and 2.93 Hz of the explosion signal recorded in points 2 and 5 
 
It should be mentioned that using time-dependent animatedly 
diagrams are necessary to extract mode shapes for each 
proposed frequency that is used in this research. The extracted 
modal frequencies of dam body by TFD method in upstream-
down stream direction are summarized in table 2 and the 
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 Table 2- Proposed frequencies in the up stream – down stream 
direction by modern signal processing methods 
No Frequency ( Hz) Mode Type 
1 1.4-1.5 First- Symmetry 
2 2.1-2.2 Second- Symmetry 
3 2.9-3.2 unrecognized 
4 3.8-4.0 unrecognized 
5 5.3-5.5 unrecognized 
6 6.8-7.1 unrecognized 
 
The TFD results show that 1.4-1.5 and 2.1-2.2 Hz frequencies 
are common with the classical results presented in table1. This 
table also shows that 3.8-4.0, 5.3-5.5 and 6.8-7.1 Hz 
frequencies are extracted based on TFD method that it is 
impossible by classical signal processing methods but as can 
be seen the related mode shapes of dam body could not be 
recognized. 
 
To compare the obtained results in this research with the 
previous complementary studies (Davoodi 2003), the results 
of previous research based on numerical analysis and in-situ 
vibration tests are presented in table 3.  
 
Table 3- Proposed frequencies in the up stream – down stream 
direction by forced vibration tests and numerical analysis 
(Davoodi 2003) 
No Frequency ( Hz) Mode Type 
1 1.45-1.5 First- Symmetry 
2 1.75-1.8 First- Unti Symmetry 
3 2.9-3.3 Second- Symmetry 
4 3.8-4.0 unrecognized 
5 5.5 unrecognized 
6 6.95-7.1 unrecognized 
 
By comparing the results obtained by “4 spectral method” 
with modern signal processing methods such as TFD, the time 
– frequency distribution method can present powerful 
information about a signal in both time and frequency domain. 
Especially if the signal is non – stationary and studying the 
signal in just frequency domain does not give important 
information about the signal and its content in time or 
frequency domain. It should be also mentioned that if PSD 
functions include closely spaced peaks, time-frequency 
distributions should be used to extract overlapped peaks.  
 
As can be distinguished from tables 1-3, the 2.9-3.2, 3.8-4.0, 
5.3-5.5 and also 6.8-7.1 Hz frequencies can't be obtained by 
classical methods, but these hidden frequencies in classical 
processing methods, are extracted based on modern TFD 
method. So this is clear that in non – stationary signals, there 
are good agreement between TFD results and numerical and 
in-situ test results.  
 
As can be seen from fig. 4, another important obtained result 
in this research is that high frequency contents are dominant 
mostly in the strong motion of the explosion signals. After 
decreasing the amplitude of the signal, as the time passes, the 
low frequencies are more dominant. In other words, it is clear 
that as time passes, lower frequencies are excited in 
comparison with high frequencies. This result can be 
distinguished based on two dimensional (time and frequency 





Blasting records are known to be one of the non – stationary 
signals in both intensity and frequency content. By using 
classical signal processing method, it is impossible to analyze 
non – stationary signals correctly. To overcome this limitation 
it is necessary to use time – frequency distribution methods to 
process this kind of signals. The time – frequency character of 
TFD method, allows adoption of both traditional time and 
frequency domain system identification approaches to 
examine nonlinear and non – stationary data. 
 
In this article, two methods for analyzing the blasting records 
of Masjed Soleyman embankment dam have been applied. In 
the first method, using power spectral density, cross power 
spectra, cross coherency spectra and the cross correlation 
phase spectra, the modal frequencies of the dam body were 
obtained in upstream – down stream direction. In the next 
step, blasting records analyzed by TFD method and using PSD 
and CSD plots. To distinguish modal frequencies, time-
dependent animatedly diagrams were used.  
 
Using these signal processing methods, the proposed modal 
frequencies of dam body in upstream – down stream direction 
were obtained. Comparing the results obtained by previous 
complementary studies and the results obtained by classical 
and modern signal processing methods such as TFD method 
(tables 1, 2 and 3), shows that in TFD method more modal 
frequencies (such as 2.9-3.2, 3.8-4.0, 5.3-5.5 and 6.8-7.1) can 
be extracted that it is impossible to be obtained based on 
classical signal processing methods.  
 
Totally, this study reveals that the TFD method is an efficient 
way to obtain time – frequency insight not readily obtained in 
other signal processing approaches, since they provide a 
microscopic time – frequency image of signals. The scalogram 
presented in this article show that high frequency contents are 
dominant mostly in the strong motion of the explosion signals 
and as the time passes and the amplitude of the signal 
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 decreases, lower frequencies are excited in comparison with 
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